Bacillus coli infection within the renal tract is of common occurrence in children and like many other disorders the disease may be recognized in an acute or chronic phase. Probably a large number of cases are overlooked, the general disturbance, unless severe, and the urinary abnormality clearing up under simple medicinal methods. Nevertheless there are several points of great importance to be considered in this group of diseases. It is not the writer's intention here to argue or to attempt to prove how the bacilli reach the renal tract initially. Suffice 
Bacillus coli infection within the renal tract is of common occurrence in children and like many other disorders the disease may be recognized in an acute or chronic phase. Probably a large number of cases are overlooked, the general disturbance, unless severe, and the urinary abnormality clearing up under simple medicinal methods. Nevertheless there are several points of great importance to be considered in this group of diseases. It is not the writer's intention here to argue or to attempt to prove how the bacilli reach the renal tract initially. Suffice it to say that there are probably two important ways, an ascending urinary tract infection from the urethra or bladder, and by the hiumatogenous route. A lateral spread from-such conditions as appendicitis or entero-colonic conditions is unlikely, although B.coli bacterieemia or septicaemia may so arise and cause infection in the urinary tract. It has recently been shown that so-called catheter fever is due to actual invasion of the blood stream by coliform bacilli after slight urethral trauma. It is remarkable that many of the coliform bacilli possess unusual pathogenic powNers when introduced into the urinary tract, and under certain conditions puruilelnt discharge due to these bacteria may prove extrenmely resistant to treatment, a condition of chronic pyuria resulting.
The observations tendered in this paper are chiefly concerned with a clinical study of about one hun-dred and thirty cases of pyuria, some of the mnain questions uinder consideration being (a) associated with marked pyrexia, and rapid loss in weight; and frequently preceded, accompanied or followed by such gastro-intestinal disorder as diarrhcea, vomiting, dehydration and ketosis. Often there is little to indicate the renal tract disorder, such conditions as meningism (especially seen in cases with very high temperature), twitchings and convulsions, and a bulging fontanelle attracting the clinician's attention to the nervous system, but in such cases the cerebro-spinal fluid is normal although its volume is increased. The pyuria in some instances would seem to appear intercurrently or to follow definite disease elsewhere, e.g., otitis media, bronchiolitis, gastro-enteritis; and the clearing up of the original condition may not be followed by satisfactory clinical improvement. Sometimes abdominal distension and tenderness or definite loin pain may be detected. Vulval, scrotal or gluteal excoriation may be seen. In infancy therefore the examination of the urine may lead at once to a satisfactory diagnosis. In the earliest stages of some very acute cases the evidence of renal tract infection may be little but in a few days frank pyuria and bacilluria appear. Possibly this latter type of case is due to an actual blood-stream infection with the organism which soon becomes localized in the renal tract.
In the older child the symptomatology is more often directly referable to the urinary system, the complaint varying from enuresis to a severe general febrile disturbance with loin pain and tenderness, frequency of micturition, dysuria and opalescent hyperacid urine. In the charts the symptoms are recorded to illustrate the great variability in the clinical picture.
In the whole series of 117 patients the usual duration in hospital was two to four weeks, most cases clearing up quickly under medical treatment. Nine patients died and in each instance (as will be discussed later in greater detail) a more serious disease process was detected, seven showing suppurative pyelonephritis (one case complicated by thrombosis of the left renal vein), one infection of a congenital hydronephrosis and one pneumococcal meningitis. It is significant that eight of the fatal cases were under the age of one year, the youngest infant being only five weeks old. Even so, the mortality rate is low since forty-seven of the cases under treatment were less than two years of age and in the group of seventy cases over two years of age only one died, from suppurative' pyelonephritis. Here therefore there is evidence that acute coliform infection may have more serious consequences in the infant. These notes concerning fatal acute cases indicate the severity and nature of the lesions found therein. A suppurative process extending into the renal substance renders the prognosis bad, but the only significant differential clinical features indicating this extension of the disease are diminished excretion of urine, persistence of the pyuria, and in some cases a continued severe febrile disturbance with progressive physical deterioration.
End results in fifty-six non-fatal cases.
In order to determine the ultimate conditions present in children who have been under observation and treatment for pyuria, fifty-six patients have been carefully re-examined, especially concerning the general physical progress, the state of the renal tract, the recurrence or persistence of infective pyuria and the cardio-vascular condition. In many instances two or three years had elapsed between the first record and the recent record.
Recovered cases.-Forty-nine of these children were remarkably well when re-examined two or more years after treatment for clinically acute pyelitis. The very satisfactory general impression obtained when examining these children is confirmed by careful investigation in each individual case and in no instance could any physical or mental retardation be detected. The urine, renal function and blood urea is normal in each child. This is confirmatory of the hopeful conditions noted above, when it was shown that in all cases in which the pyuria rapidly cleared, any initial renal impairment was corrected and no later effects on the kidney tissue was demonstrable. In response to enquiries it was found that no child (among the whole series originally treated) had died from renal disease, although four were dead of diphtheria and pneumonia.
Persistent cases.-In the fifty-six children re-examined, persistent pyuria was detected in seven instances whose clinical details are given below. Consideration of each case reveals an interesting reason for the chronicity of the infection. In order to demonstrate the absence of any defective mechanism or deformity in the renal tract in cases of acute pyuria which rapidly clears up after ordinarv medicinal treatment, a series were examined by the urographic method and the details are given in Table 2 .
A number of children with chronic pyuria have been similarly examined by intravenous urography and Table 3 shows the results. In each case a deformity in the renal tract is present. In two patients Cases 25 and L. L. calculus formation had occurred.
Treatment in ceronic pyuria should be carried out with careful consideration of all the points in the case. Detection of foci of infection elsewhere and Reference to Cases 27 and 28 detailed above illuistrates the great benefit obtained and complete cure of the pyuria following removal cf the diseased kidniey. In each child complete recovery has occurred, the urine and renal function are now normal, and the physical condition excellent. It appears, therefore, that the only treatment of permanent value is surgical removal of the disea sed part of the renal tract. In patients wrhere the condition is unilateral this can be carried out very satisfactorily, but olviously where bilateral disease exists no such procedure is possible. In the latter cases general medical supervision should be made to preserve the physical condition an)d general resistance as long as possible, and so delay the occurrence of uraemic toxaemia. Under such conditions the patient may survive for many years, in fact as long as the diminishing functionating kidney tissue lasts, provided that no rapid intercurrent infection of the rena.l parenchyma takes place.
Discussion.
Our studies in acute pyuria have yielded considerable information concerninig the clinical progress, certain prognostic features and the remote conditions following acute infections of the renal tract. Enquiry has shown that there is no general physical or renal impairment in any of the patients who rapidly responded to treatment, and complete cure is established in all the patients re-examined from two to five years after the acute illness. This group of cases includes all those who have suffered from acute pyelitis, usually due to B. coli infection.
Broadly speaking, the older the child the less is the probability of any serious involvement of the renal parenchyma. In infants and young children, however, a general spread of the purulent process into the kidney substance may take place and suppurative pyelo-nephritis supervene, which almost certainly renders the condition an extremely grave ene. In all the fatal cases of acute renal tract infection post-mortem examination has shown this change.
Cases of chronic pyuria, that is where purulent urine occurs over a period 178 group.bmj.com on October 29, 2017 -Published by http://adc.bmj.com/ Downloaded from ACUTE AND CHRONIC NON-TUBERCULOUS PYURIA of months or years, have received special attention, and various methods of investigation have been utilized in order to find the usual reasons for this perpetuation of the infection in the urinary tract. In the first place the remarkably good general condition of many children with chronic pyuria indicates that, in most instances, no serious renal dysfunction exists. Therefore it is highly probable that the infective condition does not directlv involve the renal parenchyma. In fact the length of life under these conditions depends upon the absence cf spread to the renal secretory tissues. On the contrary, as shown by the clinical records and necropsv examinations, an acute extension of the suppuration to the kidney tissues exists in the fatal cases.
In nearly all cases of chronic suppuration in the renal tract the primary focus of the disease lies in the supra-vesical portion, in the ureter and renal pelvis. Very rarely the chronic infection is due to some abnormality in the bladdet such as a congenital diverticulum or urethral mucosal valves producing deficient bladder action, or it is asscciated mith disease in the nervous system. Addison2 has outlined the clinical features and methods of treatment in cases of congenital valvular urethral obstruction with vesical and ureteral dilatation.
The embrvological development and growth of the bladder, ureters and renal pelvis from the cloaca and the ultimate union with the metanephric tissues is a complex process, and it is not surprising that developmental abnormalities should appear in the tract. Congenital polycystic disease is due to intra-renal malformation usually explained as a failure of union between the collecting tubules and secreting tubules. We are concerned here with defective malformations at a lower level. Hyman3 notes that the incidence of malformations in the urinary organs is 2-3 per cent. of all post-mortem examinations in children, and the greater number occur in the upper part of the tract leading to hydronephrosis and later pyonephrosis. Improper drainage, resulting in stasis and chronic infection, usually brings the patient under observation. The sexes are about equally affected and abnormalities in the genitalia are sometimes present also. Congenital hydronephrosis is one of the commonest varieties, Bugbee4 finding 53 cases in 4,000 necropsies. These conditions often remain unrecognized until of palpable size or infection of the part occurs, the latter sometimes remaining symptomless for many months. Dilatation of one or both ureters, sometimes to an extreme degree and involving the whole length or only a segment of the tube may be present, and often the ureteric orifices are gaping or normal in appearance. The pathogenesis of such conditions has not been satisfactorily explained but possibly failure of important neuromuscular connections is present-in fact it may be somewhat comparable to congenital megacolon. Poynton and Sheldon5 have given a careful review of some of the clinical and pathological aspects of dilatation of the ureters and bladder and they note the numerous varieties which are seen, some showing-definite organic stricture and others not revealing any such cause. It is quite apparent that a great variety of malformations are possible in the renal tract, and many types have been found. In the present discussion the important thing is their realization as a very important factor in chronic urinary infections. Whereas formerly the condition was often a necropsy finding, instances are now more frequently recognized as a result of special urological studies in the cases. Systematic physical examination may disclose other congenital defects such as epispadias, hypospadias, atresia ani, spina bifida, etc., and sometimes a unilateral genital defect is present on the same side as a unilateral urinary abnormality.
Two instances of unilateral congenital hydronephrosis are shown in the drawings (Figs. 6 and 7 ):-(a) Male, aged 11 years. Died of acute septic meningitis. Never any urinary symptoms and the urine was normal. The left kidney was found to possess a dilated pelvis without ureteral abnormality or obstruction and the right kidney, ureter and the bladder were quite normal (Fig. 6) .
(b) Female, aged 2 years. Died of tuberculous meningitis. Never any urinary symptoms and the urine was normal. The right kidney showed a congenital hydronephrosis and no ureteral disease; the left kidney, ureter and the bladder were normal (Fig. 7) .
The principle diagnostic aid in the recognition of defects in the urinary tract are radiographic. The ordinary cystogram or pyelogram may be used but the use of the intravenous uroselectan method is of special value in children. Uroselectan is a neutral, water-soluble, non-toxic organic compound of iodine and pyridine, opaque to X-rays, and which when injected intravenously in 40 per cent. solution is rapidly excreted by the kidneys, and a radiographic outline of the urinary tract is obtained. Fig. 1 shows the normal picture, the renal pelves, ureters and bladder being shown. Radiographs of patients showing renal tract defects are also shown. In Case L.L. an ordinary radiogram showed a calculus in the right kidney pelvis, but urographic examination revealed advanced hydronephrosis and hydro-ureter without ureteric obstruction, the left side being normal (Fig. 4) .
This simple method of demonstrating renal tract defect in chronic pyuria is of considerable value in arriving at a complete diagnosis in these cases. 
Conclusions

